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In Stent Restenosis
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Increasing level of complexity
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ISR of DES 
Th S f Th P blThe Scope of The Problem



In-stent Restenosis is not benign !!

Cleveland Clinic 1186 cases of BMS ISR

Cumulative mortality curve

64.1% Effort angina

26.4% Unstable angina

9.5% Acute MI

0.7%  Procedural death

Am Heart J 2004;147:317~322 Chen MS et al. AHJ 2006Am Heart J 2004;147:317 322
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Atherosclerosis lesions and inflammation

Libby P.  Nature 2002; 420(19/26):869-74.

Various chemokines seem to participate in this process, 
particularly interaction of MCP-1 with its receptor CCR2



The roles of T lymphocytes in atherogenesisThe roles of T lymphocytes in atherogenesis. 

VCAM-1

Ch tt t t bi d t h ki t CXCR3 d b T llChemoattractants bind to chemokine receptor CXCR3 expressed by T cells
in the atherosclerotic lesion



Pathophysiology of Restenosis



Pathophysiology in Early phase of Restenosis

• From the Stent injury

Pathophysiology in Early phase of Restenosis

From the Stent injury
 Adhesion molecules by endothelial cells

 Binding on leukocytes g y

 Interaction of leukocytes with endothelium

 Attachment of platelet mediated by selectinsp y

 Transmigration of leukocytes across platelet – coated surface

 Thrombus formation

 Fibrin & platelet deposition at injury site

Inflammatory aggregate

 F h l i & i fil i Further leucocyte recruitment & infiltration



Stent Injury

Role of adhesion molecules and chemoattractants
in early phase of restenosis

– Mac-1 (CD11b/CD18)

• On neutrophils & monocyte

in early phase of restenosis

• On neutrophils & monocyte

• Leukocyte recruitment after vascular injury

• Adhesion of neutrophil, monocytes to endothelial cellsp y

• Binding of platelet to neutrophil

• Amplify the inflammatory response

– MCP-1

• Secreted by activated platelet.

• Direct migration of monocytes into intima at lesion sites• Direct migration of monocytes into intima at lesion sites

– CD 40L (TNF family)

• Mediation of platelet and endothelial cell interaction

• Inhibition of re-endothelialization of endothelial cell layer

– M-CSF

• Differentiation of monocyte into macrophage

• Expression of macrophage scavenger receptor leading to foam cell



MCP-1 expression in restenosis after PCIp



Level of MCP-1 and CCR2 expressionp

D d MCP 1 i hibi h i fil i f l i h l iDecreased MCP-1 inhibits the monocyte infiltration from lumen into the stent lesion,
that causes reduction of  the monocytes differentiation into macrophages



Pathophysiology in Late phase of RestenosisPathophysiology in Late phase of Restenosis

 Phenotypic modification of medial smooth muscle cells 

 Migration and subsequent proliferation in the intima. 

 Coordinated Extra Cellular Matrix synthesis by smooth Coordinated Extra Cellular Matrix synthesis by smooth 

muscle cells 

 Increasing volume of intimal tissue 



Migration and proliferation of smooth muscle cells after stentingMigration and  proliferation of smooth muscle cells  after stenting



I hibiti f lif ti f th l llInhibition of proliferation of smooth muscle cell 
(%

)
tio

n 
of

 S
M

C
 

iv
e 

Pr
ol

ife
ra

t
R

el
at

i

Plasma from Pio Group after 2 days and 10 days inhibited human aortic SMC migration,
contributes to reducing neointimal growth after stenting



Pathophysiology of In-Stent Restenosis

• Neointimal hyperplasia

p y gy

– Early thrombus formation

– Acute inflammatory response

– Smooth muscle cell migration and proliferation

– Extracelluar matrix formation
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Mechanism of DES Restenosis
“More complex than BMS”
• Biological factor• Biological factor

 Drug resistence
 Hypersensitivity

• Mechanical factor 
 Non uniform stent strut distribution Non uniform stent strut distribution
 Stent  fractures
 Polymer peeling
 Non uniform drug deposition

• Technical factors
DES fractures

• Technical factors
 Incomplete stent expansion
 Stent Gaps or misses (uncovered lesion segments)
 Barotrauma to unstented segments



Nonuniform Strut Distribution Correlates With
More Neointimal Hyperplasia after SES 

Takebayashi, Circulation 2004



Sonoda S, JACC 2004



Focal restenosis at a gap between stents 



Restenosis due to Stent FractureRestenosis due to Stent Fracture
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Lemos PA Circulation 2004Lemos PA, Circulation 2004



Lee CW, Am J Cardiol. 2006



 small baseline vessel size 
 small vessel size after PCI small vessel size after PCI
 longer stent length
 use of the PES

t ki current smoking 
 high CRP

Heart.  2006;92
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Th ti O ti f ISR L iTherapeutic Options for ISR Lesions

• Medical Therapy

POBA• POBA

• Cutting balloon angioplasty (CBA)

• Vascular Brachytherapy (VBT)

1 t ti DES C h ® T ®• 1st generation DES : Cypher®, Taxus®

• 2nd generation DES : Endevour®, Xience®g ,



OCT findings after Cutting balloon and DES

Cypher 3.0 x 33Cutting Balloon



The RESCUT TrialThe RESCUT Trial 
Cutting balloon vs. POBA 

 No additional benefit of CBA Remo Albiero et al. JACC 2004



SISR Trial: Brachytherapy vs. DESy py
9-month follow-up

Holmes et al, JAMA 2006



“DES for BMS ISR” vs “DES for DES ISR”DES for BMS ISR   vs DES for DES ISR

DES ISRDES ISR 
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Death                Q-wave MI                TVR

12 month
Time 
(month)

TVR f t i DES ISR th BMS ISRTVR more frequent in DES ISR group than BMS ISR group
 DES ISR is more challenging scenario

Am J Cardiol  2009;103; 491-495



Treatment of DES restenosis
With the same versus different DES
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MACE survival curve  Switch strategy inconclusive
 1st generation DES comparison 

(cypher , Taxus)
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Catheter Cardiovasc Interv 2007;70:9

M



Does the switch therapy work?
Same DES vs. other DES vs. other treatment for DES failure

Cosgrave, Colombo AHJ 2007;153:354-9



Repeat Stenting using a DESRepeat Stenting using a DES
• ISAR – DESIRE trial

44.6%

14.3%
21.7%

8 %

19 %

6.3 %

n=300

JAMA 2005;293:165





Angiographic outcome at 1 year of ISAR DESIRE IIAngiographic outcome at 1 year of ISAR-DESIRE II



Cli i l lt t 1 f ISAR DESIRE IIClinical result at 1 year of ISAR-DESIRE II



Comparison of cumulative distribution curves
for percent stenosis
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Effect of 2nd generation DES for ISR ?



Prospective single blinded Randomized comparison of theProspective, single-blinded, Randomized comparison of the 
clinical and angiographic results with intravascular analysis of 

EverolimuS-Eluting versus ZoTarolimus-Eluting steNTs forEverolimuS Eluting versus ZoTarolimus Eluting steNTs for       
In-Stent Restenosis(ISR) lesions: Volumetric Analysis with 

Intravascular ultrasound (IVUS) :
( RESTENT-ISR study )

• Prospective, randomization treatment of DES-ISR  

( TM TM )(  Xience VTM vs. Endeavor  resoluteTM )

• Volumetric analysis of neo-intimal hyperplasia and y yp p

major cardiovascular event



Restent-ISR studyRestent-ISR study

Comparison of 2nd Generation DES efficacy for DES-ISR
- Primary end point : Neointimal Volume index



RESTENT-ISR 
Baseline characteristics

• 19 centers
• 167 pts6 pts
• Age : 62.8± 9 (31 -82)
• M:F = 111: 56 (1.98:1)M:F  111: 56 (1.98:1)

• Typical angina : 96 pts (57 5%)Typical angina : 96 pts (57.5%)
• Previous MI : 38 pts(22.8%)
• HTN : 85 pts (50 9%)HTN : 85 pts (50.9%)
• DM : 56 pts (33.5%)
• Smoking Hx : 62pts (37 2%)• Smoking Hx : 62pts (37.2%)

RESTENT-ISR investigator group



RESTENT-ISR trial - preliminary 
Xience VI (96) Endeavor resolute(71) P value

Age yr 63 7±9 2 61 8±10 9 0 23Age, yr 63.7±9.2 61.8±10.9 0.23

Male, n 65(67.7%) 46(64.8%) 0.69

Previous MI, n 17(17.7%) 21(29.6%) 0.19

HTN Hx, n 50(52.1%) 35(49.3%) 0.81

DM Hx, n 35 (36.5%) 21(29.6%) 0.56

kiSmoking Hx, n 37(38.5%) 25(35.2%) 0.78

Dyslipidemia, n 55(57.3%) 45(63.4%) 0.72

Total Cholesterol mg/dl 140 4±36 3 150 9±35 4 0 10Total Cholesterol,mg/dl 140.4±36.3 150.9±35.4 0.10

LDL Cholesterol,mg/dl 79.2±26.9 83.1±27.3 0.43

Triglyceride, mg/dl 126.7±83.5 141.5±127.5 0.45

hsCRP 1.82±5.6 3.35±11.4 0.39

Ejection fraction, % 60.9±9.6 58.7±10.5 0.27

P i di 3 13 0 37 3 08 0 42 0 49Previous stent diameter, mm 3.13±0.37 3.08±0.42 0.49

Previous stent length, mm 23.3±6.9 25.1±6.3 0.14



RESTENT-ISR : baseline characteristics
Clinical Diagnosis on presentation Frequency(pts) %
Silent ischemia 4 2.4

Stable angina 57 34 1Stable angina 57 34.1

Acute coronary syndrome Unstable angina 71 42.5

NSTEMI 4 2.4

STEMI 1 0.6

unknown 3 1.8

P tt f i t t t iPattern of in-stent restenosis

76.9%% 76.9%

17.3%

2 9% 2 9%2.9% 2.9%



RESTENT-ISR trial – QCA & IVUS 

Xience V(96) Endeavor resolute(71) P value( ) ( )

P-Reference Diameter(pre),mm 3.05±0.61 3.11±0.59 0.66

D-Reference Diameter(pre),mm 2.96±0.89 2.86±0.52 0.47(p ),

Diameter stenosis(pre), % 72.4±15.1 77.2± 14.4 0.13

P-Reference Diameter(post),mm 3.22±0.48 3.25±0.55 0.71

D-Reference Diameter(post),mm 3.12±0.85 2.96±0.56 0.31

Diameter stenosis(post), % 11.3±10.9 11.9±14.4 0.81 

Lesion Length mm 17 3±7 73 18 1±10 5 0 67Lesion Length, mm 17.3±7.73 18.1±10.5 0.67

EEM CSA_proximal, mm2 17.5±4.85 16.6±5.02 0.54

EEM CSA minimal, mm2 15.5±5.09 13.3±4.41 0.09,

EEM CSA distal, mm2 13.1±4.44 10.1±3.63 0.01

Stent CSA, proximal, mm2 7.44±1.34 7.69±1.89 0.67

Stent CSA, distal, mm2 7.23±2.56 5.93±2.05 0.08

Stent CSA, minimal, mm2 7.03±1.92 6.32±1.78 0.19



P i l R f l Di t l R f lL i : i i l lProximal Reference vessel Distal Reference vesselLesion : minimal lumen

Stent diameter : 3.43±0.56
Lumen diameter 2.74±0.73

Stent diameter : 3.23±0.48
Lumen diameter 0.76±0.45

Stent diameter : 3.16±0.55
Lumen diameter 2.54±0.70

Stent area : 8.34±2.7
Lumen area : 5.4±2.9

Stent area : 7.44±2.33
Lumen area: 2.26±0.86

Stent : 7.12±2.52
Lumen area 4.66±2.66



Proximal Reference vessel Distal Reference vesselLesion : minimal lumen

Stent diameter : 3.58±0.54
Lumen diameter 3.43±0.55

Stent diameter : 3.23±0.51
Lumen diameter 2.58±1.37

Stent diameter : 3.21±0.54
Lumen diameter 3.03±0.58

Stent area : 8.95±2.6
Lumen area : 8.35±2.84

Stent area : 7.44±2.34
Lumen area: 5.93±3.65

Stent area : 7.37±2.52
Lumen area 6.51±2.51



Stent diameter : 3.43±0.56
Lumen diameter 2.74±0.73

Stent diameter : 3.23±0.48
Lumen diameter 0.76±0.45

Stent diameter : 3.16±0.55
Lumen diameter 2.54±0.70

PRE-INTERVENTION

Stent area : 8.34±2.7
Lumen area : 5.4±2.9

Stent area : 7.44±2.33
Lumen area: 2.26±0.86

Stent : 7.12±2.52
Lumen area 4.7±2.66

POST INTERVENTION

Stent diameter : 3.58±0.54
Lumen diameter 3.43±0.55

Stent diameter : 3.23±0.51
Lumen diameter 2.58±1.37

Stent diameter : 3.21±0.54
Lumen diameter 3.03±0.58

POST-INTERVENTION

Stent area : 8.95±2.6
Lumen area : 8.35±2.84

Stent area : 7.44±2.34
Lumen area: 5.93±3.65

Stent area : 7.37±2.52
Lumen area 6.51±2.51



3rd In-Stent Restenosis(ISR) Symposiumy p

2010 6 252010. 6. 25

Silla Hotel, Seoul



Evolution of Angioplasty
Th D i t C R l i ti Th

40

The Dominant Coronary Revascularization Therapy
Over the last 30 years, percutaneous coronary intervention (PCI) has undergone progressive improvements in 

success, safety, and durability, as serial new technologies have been launched. 

30
Dr. Don Baim, FDA Panel Meeting 2006
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0
POBA early POBA late Stent early Stent late DES

55

POBA early POBA late Stent early Stent late DES
1977 1985 19971994  2003-present

Innovations over time



ABSORB trialABSORB trial

PW Serruys et al. 2009 Lancet



ABSORB 
- Serial changes in IVUS

6 months 2 yearsPost-stenting 6 months 2 yearsPost stenting

??
Overall lumen area reduction 16 8%Overall lumen area reduction 16.8%
=
Stent shrinkage 11.8%
neointimal hyperplasia 5 5%neointimal hyperplasia 5.5%

PW Serruys et al. 2009 Lancet



ABSORB 
- Serial changes in IVUS

6 months 2 yearsPost-stenting 6 months 2 yearsPost stenting

Overall lumen area reduction 16 8% Stent absorbedOverall lumen area reduction 16.8%
=
Stent shrinkage 11.8%
neointimal hyperplasia 5 5%

Stent absorbed
Vessel size →
Plaque area ↓ 
Lumen area ↑neointimal hyperplasia 5.5% ↑

PW Serruys et al. 2009 Lancet


